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TANNIN EXTRACTION AND PROCESSING 

The present invention relates to tannins 
(predominantly natural polyphenol ics ) , especially but 
not only for use in adhesives for wood and other 
products , and is particularly concerned with methods 
of processing tannins, including tannin extraction. 

The bark and wood extracts of various 
commercially important trees contain polyphenolics in 
the form of tannins which can form condensation 
products with formaldehyde to thereby act as bases 
for wood adhesives. Such condensation products hav 
been widely studied particularly with a view to 
obtaining suitable adhesives for plywood and 
particle-board. These tannin bark and wood extracts 
are well known in the art and may be obtained, for 
example, by extraction from comminuted wood and bark 
in water in which the tannins tend to dissolve. 
However, the molecular weights of the polyhydroxy 




phenols My range f roi 3 i 10 2 to 3 I 10 8 and : 
difficulties have been encountered primarily due to 
excessive viscosity of the extracts end the 



difficulty in obtaining uniformity in product quality. 

5 The lack of uniformity in product quality 

may arise because sugars and other carbohydrates , as 
well as other contaminants , may also dissolve in th 
water while the high molecular weight polyphenolics 
may not dissolve if the water is cold. The low 

10 molecular freight tannin extract may accordingly hav 
a substantial amount of contamination and a low 
viscosity leading to excessive penetration of the 
resin into the material being bonded. 

There have been various proposals for 

15 alleviating these difficulties, the main one of which 
is to conduct the extraction in hot water, preferably 
at about 100*C. This increases the solubility in 
water of the high molecular weight polyphenolics and 
increases the ratio of polyphenolic material to 

20 contaminants such as sugar. 

It is important where the tannin is used in 
adhesives to include the highly viscous extract 
material in the resin since this contains the high r 
molecular weight polyphenolics which provide better 

25 bonding characteristics of the tannin extract due to 
their lower contaminant ratio and since excess 
penetration of the adhesive into the material being 
bonded may otherwise occur. On the other hand, the - 
tannin extract may become excessively viscous and be 

30 difficult to mix and spread. 

For example, the yields of tannin from 
aqueous single stage extraction of one sample of 
radiata pine (Pimm mdiata) bark, carried out at 20, 
60 and 100 # C, wer 2%, 5% and 10% respectively, and 



3 

viscosities of 40% aqueous solutions of the 20, 60 
end 100*C aqueous extracts were 300 CP, 800 c9 an* 
5000 CP at 25 # C. The yields are accordingly lorn and 
the known process is not economically favourable f r 
coamercialixation. Of more importance, the highest 
yield product is of poor quality because it is very 
difficult to formulate adhesives from the 100 # C 
aqueous extracts; the viscosities of the resultant 
adhesives are too high for either plywood or 
particleboard bonding processes. For particleboard 
manufacture a viscosity of approximately 1500 cP is 
considered to be maximum and viscosities less than 
1200 CP are desirable. It is very difficult to 
produce such adhesives from the 100 # C tannin extract. 

One proposal for reducing ths viscosity of 
the bark and wood extracts has been to treat the 
extracts with a sulphite compound such as sodium 
sulphite which tends to cleave the polyphenolic 
chains and also to sulphonate polyphenolics to 
produce compounds with greater water solubility. 
However, we have found that the sulphite reaction is 
non-selective for the higher molecular weight 
materials so that the low molecular weight 
polyphenolics are more readily cleaved. For ex amp 1 , 
when a sample of 100*C aqueous extract of radiate 
pine bark is sulphited (25 parts dried extracts, 1.25 
parts sodium metabisulphite, 75 parts water, ref luxed 
for 2 hours) the changes in the percentage of the 
extract falling within various molecular weight 
ranges are shown in Table 1. 
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TABLE 1 - Molecular siae distribution 
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Fraction by 


J 100*C aqueous 


extracts 


molecular weight 


1 Unsulphited 


Sulphite* 




<%) 


(%) 


More than 10 6 


22.4 


19.1 


10 5 * 10 6 


5.5 


2.4 


10 4 % 10 5 


29.2 


26.0 


10 3 % 10 4 


11.5 


1.5 


3 

Less than 10 


31.4 


51.0 



It is evident that sulphitation results in a 
substantial increase in the fraction of lowest 
molecular weight (<10 3 ) as a result of selective 

15 cleavage of the chains in the fractions having 
molecular weights of up to about 10 , whereas the 
percentage of the fraction having the highest 
molecular weight is little affected. Adhesives made 
from such sulphited extracts may spread more readily 

20 but are frequently of poor quality because their high 
content of low molecular weight components leads t 
excessive penetration of the adhesive into the 
substrate to be bonded. For example; when total 
aqueous extracts are sulphited, converted to 

25 adhesives and used in the production of plywood th 
quality of the bonds is only B as described in 
Australian Standard 2754.1-1985 Part 1 Adhesives f r 
Plywood Manufacture, which calls lip Australian 
Standard 2098. 2-r 1977 'Bond Quality f Plywood (Chis 1 
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Test> # as the method for assessing quality. |jp 
A further proposal for providing relatively low vlsros- r ? 
ity tannin extracts from bark and wood is made in our Australian ^ 
patent specification 533791 in which it is suggested that follow- 5| 
ing aqueous extraction of the polyphenol! cs, any high viscosity 
material is separated by ultrafiltration and discarded. This 
process has been found to provide satisfactory extracts for th 
formulation of adhesives even though the high viscosity extracts 
have the best bonding characteristics. However, in commercial 
applications the provision of membranes to achieve the necessary 
fractionation is costly and the fractionation itself may be 
difficult to control. 

It is an object of a first aspect of the present inven- 
tion to satisfactorily reduce the viscosity of wood and/or bark 
extracts which are suitable for the formulation of adhesives. 

According to the present invention there is provid d a 
method for producing a relatively low viscosity tannin extract 
from bark and/or wood and suitable for use in formaldehyde- 
condensation adhesives, said method comprising the steps of: 
(1) providing a tannin extract obtained from bark and/or wood, 
said tannin extract composed of high molecular weight material and 
low molecular weight material, (2) separating from. said tannin 
extract said high molecular weight material to leave residual low 
molecular weight tannin extract, (3) subjecting said separated 
high molecular weight material from step (2) to treatment with one 
or more sulphite compounds to reduce the molecular weight of said 
separated high molecular weight material from step (2), and 
(4) combining said separated, sulphited material from step (3) 
with said residual low molecular weight tannin extract from 
step (2). 

Further according to a first aspect of the present 
invention there is provided a tannin extract having a relativ ly 
low viscosity which is produced by the method proposed in th 
im*>, liately preceding 
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adh aivea. Xt la also poaalbl to extract tha polyphenol! at op 
to about pa 9 to increase tha yield* 

Such an alkaline extraction has been proposed previously ; 
but provides inferior extract for uses including adhesive produc- 
tion because neutralisation by mineral acids to pH 6 for th 
formaldehyde condensation reaction causes the formation of salts 
which contribute to poor adhesive performance* 

It is an object of a second aspect of the present inv n- 
tion to provide a tannin extraction process Which may result in 
increased yield While alleviating disadvantages associated with 
other such processes* 

According to the second aspect of the present inv ntion 
there is provided a method for recovering tannin extract from bark 
and/or wood comprising the steps: (1) subjecting said bar* and/or 
wood to a first stage hot aqueous tannin extraction process and 
removing a first stage tannin extract at a first pH, (2) subj ct- 
ing said bark and/or wood which has been subjected to said first 
stage extraction process of step (1) to a second stage hot aqu ous 
extraction process at a second pH higher than said first pH, 
thereby obtaining a second stage tannin extract, and (3) combining 
said first stage tannin extract from step (1) with said second 
stage tannin extract from step (2), said combined tannin extracts 
being composed of high molecular weight material and low mol cular 
weight material. Thus we have found that alkaline extraction may 
be used without seriously affecting the bonding characteristics of 
the extract by carrying out the extraction process in two stages* 
using a higher pH, for example pH 8-9 in the second stage aft r 
removing the first stage tannin extract from the extraction bath* 
The alkaline tannin extract is adjusted as desired by combining it 
with the first stage extract and may be subsequently 



'HP 



further adjusted. Two stage extraction My increase 
the yield by 50*100%. 

Further according to the second aspect of 
the present invention there is provided a tannin 

5 extract when recovered b^ the method described in the 
immediately preceding paragraph. 

For the purposes of the first aspect of the 
present invention, the first and second stage tannin 
extracts may be recombined prior to separating out 

10 and sulphiting the high molecular weight material or 
the second stage tannin extract may comprise the high 
molecular weight material which is sulphited and then 
recombined with the first stage tannin extract. 
However, it is to be understood that the second 

15 aspect of the present invention may be used 
independently of the first aspect. Thus, for 
example, the second aspect of the present invention 
may additionally comprise separating from the 
recombined tannin extracts the high molecular weight 

20 material and subjecting the high molecular weight 
material to treatment with one or more sulphite 
compounds to reduce the molecular weight of said 
material. Accordingly, the sulphited material need 
not be recombined with the low molecular weight 

25 material from which the high molecular weight 

material is separated, although the separating and 
sulphiting steps may be as discussed with reference 
to the first aspect of the present invention. 

The tannin extracts of the present invention 

30 may be particularly suited to bonding plywood in 
their un recombined condition, that is where the 
sulphited material is used alone, and in recombined 
condition may be more suitable for part icleboard. 
Th extracts may also be used to advent ag in bonding 
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other reconstituted wood products such as laminated 
timber. It is known in the srt thst the assessment 
of bond quality of reconstituted wood products is 
best carried out by tests on plywood produced with 
the adhesive because the conditions of production can 
be controlled and the type of bond failure more 
readily assessed than for the other products. 

EXAMPLES 

In the Examples , in which the tannin extract 
was sulphited as proposed in the preferred embodiment 
above, the sulphited tannin extract was recombined 
with the remaining tannin extract to produce a tannin 
extract which is less prone to separation of the 
molecular weight species in the glueline of bonded 
plywood because the individual flow rates of the 
molecular components are more uniform, resulting in 
higher quality bonding* Assessment of bond 
performance was conducted on plywood using the 
standard chisel technique and showed that using th 
process of the Examples there is a surprising 
increase in bonding capability and a reduction in 
viscosity to levels that can be readily handled by 
industry - eg., viscosity of 1200 cp at total solids 
content of 40% and at 25*C A further observation 
was that the resins produced were more tolerant of 
the moisture content of the veneers used in the 
Examples. 

The following Examples illustrate the 
preparation of various tannin extracts in accordanc 
with the invention and subsequent processing for us 
as wood adhesives. In all cases there was no 

-vttw5€XG^tiim£^£ot processing. 
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Emmie, 1 

Tannin extract (1 part) obtained by hot 
(100*C) water extraction from radiate pine (Einua 
radiata ) bark was dissolved in water (9 parts) and 

5 the pH was adjusted to pH 6 with RaOH. The soluble 
and insoluble portions were separated by 
centrifugation at 1000 g for 10 minutes and 
freeze-dried. The ratio of solubles to insolubles 
was about 3:1. The dried insolubles (25 parts). 

10 sodiu* trftabisulphite (1.25 parts of 5% solution) and 
water (75 parts) were mixed and heated at 100»C under 
reflux for 2 hours. The dried solubles (3 parts) and 
the sulphited insolubles (1 part) were recombined so 
that the ratio of solubles and insolubles was the 

15 same as that of the original tannin extract. The 
viscosity of the recombined tannin extract at 40% 
solids content was 1200 cP at 25*C, whereas prior to 
this treatment the viscosity at the same solids 
content and temperature was 5000 cP. 

20 

Example 2 

Commercially available radiata pine (Einua 
radiata) bark (1 part) was extracted with water (3 

25 parts) at 100 # C for 10 minutes. This first stage 
extract at pH 3.5, was filtered and stored until 
required later for recombination with the second 
stage extract. In the second stage of extraction 
the extracted bark from the first stage extraction 

30 was further extracted in the same manner as described 
with r ference to th first stage except that the pH 
f th bark was adjusted with 10% HaOH aqueous 
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Ki maple 5 

First stage (aqueous) tannin extracts from 
barks of (a) radiata pine (Pimm rsfllata) yield 15%. 
(b) maritime pine fPln 1 " 1 BlMfitnX) yield 14%, and (c) 
Caribbean pine fPlr"« «*»r<ha«al yield 11%. were 
obtained in the manner of Example 2 and held. The 
bark residues were then further extracted with alkali 
(pH 8.5) in the manner of Example 2 and these second 
stage extracts, yields 15. 10. and 10% respectively, 
were sulphited with sodium metabi sulphite in the same 
manner as described in Example 1 and then combined 
with the respective first stage tannin extracts. 



15 



20 



25 
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Example 6 

In Examples 3. 4 and 5 the viscosities of 
non-sulphited extracts were greater than 5000 cP and 
the viscosities of recombined sulphited extracts less 
than 1500 cP when measured at 40% solids content and 
25 # C. Plywood samples were prepared by bonding 
coachwood {ffrr»«- ftnet; » 1 " m ftBfitallia) veneers with the 
recombined extracts from Examples 1 to 5. All 
adhesive formulations consisted of the aqueous 
solution of the tannin extracts, a formaldehyde 
source as a condensing agent and a nut shell flour as 
a filler. All the formulations utilised the same 
tannin solids/formaldehyde source/filler ratio. Ho 
attempt was made to optimise individual adhesive 
formulations. Resulting plywood specimens were then 
tested according to Australian Standard AS 
2754.1-1985 Adhesives for Plywood Manufacture. 
Test results for examples 1-5 are recorded in Table 2. 



TABLE 2 



. . Average gluebond quality 

Examples Bark species Dry Net 

- j '• - after 72 hoars 

1 boiling 



1 


P. radiate 


9.0 


9.0 


2 


P. radiate 


9.5 


7.0 


3 


P. pinaster 


6.0 


5.5 


4 


P.caribaea 


6.5 


6.5 


5(a) 


P.radiata 


6.5 


6.5 


5(b) 


P. pinaster 


6.5 


6.5 


5(C) 


P.caribaea 


8.5 


7.0 



The tested Examples all satisfied the 
15 requirements for type A bond adhesives (fully weather 
and boil proof) as classified in Australian 
Standards. By comparison , none of the total aqueous 
extracts from the same barks when sulphited under th 
same conditions and similarly converted to adhesiv s 
20 snd used to produce similar plywood achieved A Bond 
classifications. It would be expected that the 
adhesive properties of some Examples could be 
improved by further adjustments to adhesive 
formulations. 

25 



30 
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THE EMBODIMENTS OP TUB INVENTION IN WHICH AM EXCLUSIVE 
PROPERTY OR PRIVILEGE 18 CLAIMED ARB DEFINED AS FOLLOWS* 



1* A me thod for producing a relatively low vltootlty ^ 
tannin wtrtct fro* bark and/or wood and suitable for uem.;|f|| 
in formaldehyde-condensation adheeivee, said method 
comprising tha a taps of s 

(1) providing a tannin extract obtained from bark 
and/or wood, aaid tannin axtract composed of 
high molecular weight Material and loir 
molecular weight Material, 
• (2) separating from said tannin extract aaid high 

molecular weight Material to leave residual low 
Molecular weight tannin extract, 

(3) subjecting aaid separated high Molecular weight 
materiel free step (2) to treatment with one or 
More sulphite compounds to reduce the molecular 
weight of said separated high Molecular weight 
Material from atep (2), and 

(4) combining said separated, sulphited Materiel 
from step (3) with said residual low molecular 
weight tannin extract from step (2). 

2. A method according to Claim 1 wherein said combined 
sulphited material and aaid residual low molecular might 
tannin extract from step (4) has a viscosity of 1500 cP 
or less when measured at 40% solids content and at 25*C. 

3. A method according to Claim 1 wherein said tannin 
extract provided in step (1) is obtained from the bark 
and/or wood by a hot aqueous tannin extraction process. 

4. A method according to Claim 3 wherein said hot 
aqueous tannin extraction process comprises the steps of: 

(1) subjecting bark and/or wood to a first stage 
hot aqueous extraction process and removing a 
first stage tannin extract having a first pH, 
and 
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(2) subjecting Mid bark and/or wood (ra atap (1) 
to a aaoond ataga hot aqueous axtrectlon 
prooess at a aaoond pB higher than aald first 
pH and obtai n i ng a aa o on d ataga tannin extract. 

5. A method according to Claim 4 further comprising tha 
step of i 

(3) oomblning aald first ataga tannin extract from 
atap (1) with aald aacond stage tannin extract fro* at p 

(2). 

6. A method according to Claim 4 wherein aald second 
ataga tannin axtract from atap (2)-comprlsee aald high 
molecular weight materiel from atap (2) of Claim 1 and 
aald first ataga tannin axtract from atap (1) comprleea 
aald rasldual low nolacular Might tannin axtract from 
atap (2) of Claim 1. 

7. A method according to Claim 1 further comprising tha 
atap of: 

(5) adjusting the pi> of said combined tannin extract 
from atep (4). 

8. A method for recovering tannin extract from hark 
and/or wood comprising the steps of: 

(1) subjecting said bark and/or wood to a first 
stage hot aqueous tannin extraction process and 
removing a first stage tannin extract at a 
first pH, 

(2) subjecting said bark and/or wood which has been 
subjected to said first stage extraction 
process of step (1) to a second stage hot 
aqueous extraction process et e second pH 
higher than aaid first pH, thereby obtaining a 
second stage tannin extract, and 

(3) combining said first stage tannin extract from 
step (1) with said second stage tannin extract 
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froa mf? (2)/ Mid co*bin*d tmfla wttictt 
btlng coapoMd of hi^i ■olaeultr Wiglit 
material and loir^jplsoular weight material. 

9: A Mthod according to Claim- 8 which further 
comprises: 

(4) separating from said combined tannin extracts 
aald high molecular weight Mterial, and 

(5) aub J acting aald high molecular walght Mterial 
from atap (4) to trMtment with ma or norm 
sulphite compounds. 

10. A Mthod according to Claim 8 further comprising the 
step of: 

(4) adjusting the pH of said combined tannin 
extracts of atep ( 3 ) • 

11. A Mthod according to Claim 1 wherein said aeparated 
high molecular weight material of atep (2) has an 
equivalent molecular weight of no less than about 10 s - 

12. A Mthod according to Claim 9 wherein said aeparated 
high molecular weight material from step (4) has an 
equivalent molecular weight of no less than about 10 s - 

13. a Mthod according to Claim 2, wherein the viscosity 
of said combined sulphlted material and said residual low 
molecular weight tannin extract from atep (4) is no more 
than 1200 cP when Measured at 40% solids content and at 
25 # C. 

14. A method according to Claim 3 wherein said hot 
aqueous tannin extraction is performed at about 100 *C or 
more. 

15. A Mthod according to Claim 4 wherein said first pH 
is the same as a pH of a first stage tannin extract from 
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• mlsture consisting essentially f wstar and bark and/or 

16. A method according to Claim 15 wherein bark obtained \Sf 
from Plnua radlata la subjected to said hot aquaoua 

tannin attraction procaaa and aald first pH la about 3.5. 

17. A aathod according to Claim 4 wherein aald aacond pH 
la from about 8 to 9. I 

18. A Mthod according to Claim 5 wherein aald combined 
£ irat ataga tannin attract and aacond ataga tannin 
attract from a tap (3) haa a pH of about 6.2 to 6.8. 

19. A method according to Claim 8 wharaln aald hot 
aquaoua tannin attraction la performed at about 100'C or 
mora. 

20. A method according to Claim 8 wharaln aald fir at pH 
la the same aa a pH of a f irat ataga tannin attract from 
a mlature consisting essentially of water and bark and/or 
wood. 

21. A method according to Claim 20 wherein bark obtained 
from Plnus radlata is subjected to said hot aqueous 
tannin attraction process and said first pH is about 3.5. 

22. A method according to Claim 8 wherein aald aacond pH 
la from about 8 to 9. 

23. A method according to Claim 8 wherein aald combined 
f irat stage tannin attract and aacond stage tannin 
attract from step (3) has a pH of about 6.2 to 6.8. 

24. A method according to Claim 8, further comprising 
the step of: 

(4) adjusting the pH of said combined first stage 
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tannin titract and second stags tannin am tract fro* a tap 
(3) to about 6* 



25. A Mthod according to Claia 1 wherein atap (3) 
comprises tha atapa ofi 

(1) fixing aaparatad high aolecular weight Material 
with an aquaoua solution of sodlua 

aetabl sulphite, and 

(2) boiling said Mixture from atap (1) under reflux 
conditions. 

26. A method according to Claia 1, wherein said bark 
and/or wood ia selected fro« the group consisting of 
Pinus radiate, Pinus pinaster, and Pinua carlbaea. 

27. A nethod according to Claim 8, wherein said bark 
and/or wood is selected from the group consisting of 
Pinus radiate, Pinus pinaster, and Pinus carlbaea. 
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